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Abstract The Hydrological Recursive Model (HRM), a conceptual rainfall-runoff 
model, was applied for local and regional simulation of hourly discharges in the 
transnational Alzette River basin (Luxembourg-France-Belgium). The model was 
calibrated for a range of various sub-basins with a view to analysing its ability to 
reproduce the variability of basin responses during flood generation. The regionaliza-
tion of the model parameters was obtained by fitting simultaneously the runoff series 
of calibration sub-basins after their spatial discretization in lithological contrasting 
isochronal zones. The runoff simulations of the model agreed well with the recorded 
runoff series. Significant correlations with some basin characteristics and, noticeably, 
the permeability of geological formations, could be found for two of the four free 
model parameters. The goodness of fit for runoff predictions using the derived 
regional parameter set was generally satisfactory, particularly for the statistical 
characteristics of streamflow. A more physically-based modelling approach, or at least 
an explicit treatment of quick surface runoff, is expected to give better results for high 
peak discharge. 
Key words conceptual rainfall-runoff model; regionalization; 1 [RM model; Alzette River 
basin, transnational basin 
Intérêts et limites d'un modèle parcimonieux pour la 
prédétermination locale et régionale des débits 
Résumé Un modèle conceptuel pluie-débit (MHR) est mis en œuvre pour la 
régionalisation des débits dans le bassin versant transfrontalier de l'Alzette 
(Luxembourg-France-Belgique). Le modèle a été calibré sur un lot de sous-bassins 
dans le but d'analyser sa capacité à reproduire la variabilité des réponses 
hydrologiques des bassins en période de crue. Un jeu de paramètres régional a été 
ajusté simultanément sur les séries de débit des bassins de calibration en utilisant une 
discrétisation spatiale fondée sur des zones isochrones lithologiquement contrastées. 
Les hydrogrammes simulés s'accordent bien à leurs homologues observés et des 
corrélations significatives avec les caractéristiques des bassins, notamment la 
perméabilité des formations géologiques, ont pu être mises en évidence. L'efficience 
des prédictions du modèle MHR issue du jeu de paramètres régionalisé s'est révélée 
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satisfaisante, en particulier pour les caractéristiques statistiques des débits. Une 
modélisation à base physique, ou au minimum une prise en compte explicite du 
ruissellement direct, devrait permettre de mieux reconstituer les forts débits de pointe. 
Mots clefs modèle conceptuel pluie-débit; régionalisation; modèle MHR; bassin versant de 
l'Alzette; bassin versant transfrontalier 
INTRODUCTION 
After a series of heavy flooding events throughout Western Europe since the beginning 
of the 1990s (especially December 1993 and January 1995), major concern has been 
expressed about the possible effects of land-use and/or climatic changes on hydro-
logical processes and flood genesis (e.g. Pfister et al, 2000a). During the last decades, 
many lumped conceptual rainfall-runoff models have been developed and constantly 
improved to better forecast and simulate flood events for small and large river basins; 
see e.g. Krysanova et al (1999) for a recent review. 
Current research in regionalization aims at transposing hydrological characteristics 
(e.g. Pfister et al, 2002) or model parameters from a local scale to a larger scale as well 
as on any points of the channel network, for a more integrated management of flood 
issues. As reported by Seibert (1999), a main difficulty in the application to basins of 
different sizes is that parameter values in a lumped or a semi-distributed conceptual 
rainfall-runoff model are effective parameters at the basin scale. Such parameters may 
be expected to be scale dependent, because the nature and importance of hydrological 
processes in streamflow generation vary with basin scales. Thus, it is interesting to know 
whether a regional parameter set can be found which provides as accurate simulations as 
local ones (i.e. at basin scale). Furthermore, by looking for relationships between 
optimized parameter values and measurable physical descriptors, the model could be 
applied in ungauged basins within the region of interest for runoff prediction. 
This study focuses on 16 gauged sub-basins within the transnational Alzette basin, 
a relatively small region which is fairly homogeneous from a climatic, hydrological 
and physiographical point of view (Pfister et al, 2000b). The main goal was to apply 
the simple conceptual rainfall-runoff model (Hydrological Recursive Model—HRM) 
(Leviandier et al, 1994), in order to: (a) test the suitability of this parsimonious model 
for the assessment of the contrasting hydrological dynamics of the Alzette River sub-
basins, (b) find correlations between parameter values and basin attributes, and 
(c) regionalize the HRM parameters for transposition and prediction of runoff at 
ungauged sites, as well as the simulation of streamflow increase under climatic change. 
METHODOLOGY 
The Hydrological Recursive Model (HRM) 
The HRM model simulates hourly discharge using rainfall (P) and potential 
évapotranspiration (PET) as input (Leviandier et al, 1994; Perrin, 2000). The lumped 
version of the HRM model performs a conceptual discretization of a given basin into 
nested sub-basins, with velocity fitting being the only free parameter, which deter-
mines the number of isochronal zones. This theoretical discretization is based on three 
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(a) Sub-basins are ordered from upstream to downstream according to the number of 
delayed routings T (output (t + T) = input (/)) (a downgraded version of general 
routing through linear reservoirs). 
(b) Bifurcation in the channel network, which results in the following equality: total 
area of sub-basins of order < w - 1, in a basin of order n, is equivalent to the area 
of the 1 order basin. This equality introduces the unique notation S„ and is a 
downgraded version of a parameterized shape invariance. 
(c) Cumulative sub-basin areas follow the law given as: 
(1) 
(2) 
(3) 
where a (<2) is the unique scaling parameter derived from empirical studies on 
nested basins of the Charente River (Leviandier et al, 1994). The a parameter can 
be assimilated to the coefficient of an empirical relationship between stream length 
and drainage area (known as Hack's law; Gray, 1961) proposed by Mandelbrot 
(1982) as a fractal characteristic of a river channel network. In the HRM model, 
when no physiographical data are used, this parameter is considered as a constant 
equal to 1.75. 
As the delayed routing is an arbitrary time step, the velocity of routing, for a given 
total drainage area, is captured either in the order n or in the elementary area, S0. By 
difference, the area drained by the reaches of order n-kis given by: 
S„-,  =
 5< 
I n ) 
Knowing So (km") yields: 
S,= 
and for n 
s„ = 
S0 
i>2: 
= V«" 
*kln  = !*"-(*-!)"]—• *o W 
where order k corresponds to a constant routing time. The kth sub-basin is considered 
to be the kth reservoir, the routing time from the kth sub-basin to the nth sub-basin 
being n - k time steps. The kth sub-basin has an area of <%„ (isochronal zone). The 
HRM model is called recursive because the "local" reservoir structure at order k is 
obtained from the "local" reservoir structure at order k - 1 by a simple transformation 
(namely, routing + lateral input). The "local" reservoir structure corresponding to the 
Mi sub-basin comprises two functions: 
(a) The "local" production function containing a soil reservoir similar to those of 
GR3/GR4 (Edijatno et al, 1999). Its level S is determined by net potential 
évapotranspiration (E„ and further Es) and the transformation of the net rainfall P„ 
into Ps (rainfall in soil reservoir) and Pr (rainfall in "local" routing reservoir). 
Parameter^ (mm) represents the maximum storage capacity of the soil reservoir. 
(b) The "local" routing function including a quadratic reservoir of level R(t) (mm) 
with outflow following the law: 
,
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where B (mm) is representative of the storage capacity of the reservoir, though not 
defined as a maximum storage capacity (which is infinite). 
The emptying function of the quadratic reservoir includes a groundwater exchange 
module ECU computed as follows: 
ECH = d-(k-k0^l + ^^.^j (6) 
where &0, fixed in the study to half of n, is the order of a sub-basin for which exchanges 
are zero value, and d (mm) is a parameter. The streamflow Q,{f) and the groundwater 
exchanges are added and the sum is weighted by ay„. The resulting streamflow Q, is 
routed by the general routing function toward the (&+l)th sub-basin. Finally, the 
general routing corresponds to a sequence of delayed routings (rather than a cascade of 
linear reservoirs as in the complete model version). 
The four free parameters A, B, So and d must be fitted to run the HRM model. In the 
following application, due to some memory limitation encountered in the lumped hourly 
version of the HRM model, the parameter So (km") was applied with a value of 50 km" 
for the Alzette tributaries, the number of general routing reservoirs of equal delayed 
routing being 16. The parameters are automatically optimized with Rosenbrock's 
procedure (Rosenbrock, 1960) and due to the significant parsimony of the model, 
multiple optima (i.e. non-uniqueness; equifmality) are rare (Edijatno et al, 1999). 
Moreover, owing to the uncertainty in parameter determination affecting the reliability 
of regional relationships between physical descriptors and parameter values, the HRM 
model satisfies the requirement of parsimony. 
MODELLING PROTOCOL 
Study area and data set 
The HRM model was first calibrated and validated individually for each of the 16 
monitored sub-basins within the transnational Alzette basin whose characteristics are 
presented in Table 1. They were divided into two groups: a first group of eight basins 
to be used for the development of the regional parameter set of the HRM model and a 
second one of eight basins to be used for the validation of this parameter set. 
The model calibration at each site was carried out for the HRM parameters using 
measured hourly discharge. The "split-sample test" of Klemes (1986) was performed 
exchanging both periods for testing the sensitivity of the parameter values to the 
calibration period. Period 1 extended from January 1997 to December 1998 and 
period 2 from January 1999 to December 2000. The latter was wetter and streamflow 
consequently was more abundant. For the validation of the regionalization methodol-
ogy, the entire 4-year hourly runoff series were used. 
Based on information collected by 24 raingauges (mean density of 50 km" per 
raingauge), the hourly areal rainfall was calculated for each basin by disaggregating 
daily areal rainfall estimated by Thiessen polygons according to the reference hourly 
hyetograph (the closest to the basin centre). Five hourly raingauges covering the study 
area were available for the modelling period. Potential évapotranspiration {PET) was 
estimated using the Penman-Monteith formula and daily meteorological data measured The applicability of a parsimonious model for local and regional prediction of runoff 
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at Luxembourg airport. The same climatological data series were therefore uniformly 
applied to the whole study area, but some parameter values involved in the PET 
formula, such as canopy resistance, albedo and vegetation height, were taken from the 
literature (e.g. Perrier, 1982) according to the land-use types of the sub-basins. An 
average daily PET was determined for each basin, as the weighted sum of the values of 
the four PET land-use types (proportion of urban areas; proportion of cropland; 
proportion of grassland and proportion of forest). Each daily PET series was dis-
aggregated down to an hourly time step using sunshine duration measured at 
Luxembourg airport. 
Model evaluation 
Goodness of fit and accuracy of predictions were estimated through the ability of the 
HRJV1 model to reproduce the hydrographs, as well as the statistical characteristics of 
the observed runoff series. Both numerical and graphical comparisons were undertaken 
as suggested by Abbott & Refsgaard (1996) to provide a good overall indication of the 
model capabilities. The accuracy criteria respectively concern the water balance (CI) 
and the timely evolution of hourly discharges (Cl, Ci, CA) (Table 2). 
Table 2 Numerical criteria used for model evaluation. 
Variable  Formula  Source 
Water balance 
Hourly flows 
Low hourly flows 
High hourly flows 
Y,Qsim, 
C\ =
 J 1 
I Qobs, 
I {Qsimi - Qobsj ) 
C2 = \~-
Y,\Qobst-Qobs)~ 
Z (\n(Qsimj + e) - ln(Qobsi + e))~ 
Nash &Sutcliffe (1970) 
Perrin (2000) 
C3 = l~~ 
C4 = 1 - • 
I [ln(Qobsi + e) - \n(Qobs + e) j 
X [Qobs, + Qobsj^Qsim. - Qobs( )" 
I \Qobsi + Qobs\Qobs - Qobs, j 
Guex(2001) 
Qobsf. z'th hourly observed discharge; Qsim;. ith hourly simulated discharge. 
Numerical criteria Four different numerical criteria were applied (Table 2). A 
value of CI > 0 indicates an overestimation of the mean observed discharge and vice 
versa. In the modified version of the Nash-Sutcliffe criterion (C2) proposed by Perrin 
(2000), Ci, the 8 coefficient should be arbitrarily chosen as a small fraction of the 
interannual mean discharge, for example: 
£ = 
Qobs 
40 
(7) The applicability of a parsimonious model for local and regional prediction of runoff 911 
The term e is introduced to avoid problems with nil observed or simulated discharges. 
The proportion of observed discharges, which are lower than this e value, is negligible 
(otherwise the C3 criterion would present a bias). The C4 criterion gives a minimum 
weight to the interannual mean discharge and gives more weight to high discharges. 
Graphical comparison The N different observed peak discharges Qobsi for each 
sub-basin were identified by a hydrograph separation, subdividing the total discharge 
series into baseflow and stormflow. The BFI (baseflow index) separation algorithm 
(Kaden, 1994) was used with a BFI window length of 48 h. The peak-flow discharge 
(Qobsi) was identified for each period defined by two consecutive turning points 
provided by the BFI algorithm. From the above Qobsi set, all peak flows higher than 
2 x Qmean (the mean discharge value for the considered period) were selected and the 
10 highest peak discharges for each studied year were finally retained. The simulated 
peak flows were determined within a 6-h window centred on the observed flood event 
to account for the model limits and the rainfall structure uncertainty. 
Box plots were represented for the N observed highest hourly peak discharges and 
the N simulated highest hourly peak discharges (calibrated and regionalized) to check 
the ability of the model to reproduce the statistical characteristics of extreme dis-
charges. In this case, the N highest peak discharges may not correspond to the same 
dates. 
Flow duration curves (FDCs) were also computed for each validation sub-basin 
from daily discharges (Sefton & Howarth, 1998). The methodology to build flow 
duration curves consisted in sorting the 4 x 365 daily runoff values in decreasing order 
and computing the corresponding exceedence frequencies (percentage of time equalled 
or exceeded for each runoff value). 
RESULTS OF THE INDIVIDUAL BASIN CALIBRATION/VALIDATION 
The bias obtained for the HRM model on the calibration sub-basins (Table 3) is 
generally low during the calibration period (average C\ of 1%) with a trend to under-
estimate the mean observed discharge for the stations located on the main stream of the 
Alzette River basin. The bias of the model is much more important during the valida-
Table 3 Efficiency of the four statistical criteria after calibration (1997-1998) and validation (1999-
2000). Bold characters indicate extreme values. 
River 
Alzette 
Alzette 
Attert 
Mamer 
Mamer 
Pall 
Roudbach 
Wark 
Outlet 
Livange 
Pfaffenthal 
Reichlange 
Mamer 
Schoenfels 
Niederpallen 
Platen 
Ettelbruck 
CI: 
Calibr. 
-0.15 
-0.08 
0.01 
-0.05 
0.01 
0.13 
0.03 
0.14 
Valid. 
-0.14 
-0.16 
0.21 
0.00 
0.23 
0.21 
-0.01 
0.22 
C2: 
Calibr. 
0.69 
0.75 
0.89 
0.82 
0.80 
0.85 
0.88 
0.87 
Valid. 
0.66 
0.67 
0.78 
0.68 
0.67 
0.70 
0.73 
0.83 
Ci: 
Calibr. 
0.70 
0.77 
0.90 
0.84 
0.73 
0.77 
0.76 
0.74 
Valid. 
0.71 
0.65 
0.95 
0.80 
0.63 
0.78 
0.61 
0.70 
C4: 
Calibr. 
0.70 
0.83 
0.90 
0.81 
0.83 
0.89 
0.93 
0.91 
Valid. 
0.64 
0.67 
0.85 
0.71 
0.82 
0.82 
0.70 
0.90 912  G. Drogue et al. 
tion period, but the central tendency of the estimated streamfiow resulted in overall 
small overestimation of mean interannual discharge (7%). 
The numerical values of the Nash-Sutcliffe efficiency show that the HRM model is 
able to provide good fits to the hydrographs with values of C2 varying between 0.69 
and 0.89 during the two years of calibration for the whole set of basins. It should be 
noted that the streamfiow measured at the two stations located on the Alzette River is 
more difficult to reproduce, probably due to anthropogenic activities such as mine 
water outflows in the southern part of the basin. During the validation period, the 
Nash-Sutcliffe efficiency decreases by about 10% on average (0.72). Generally, 
predictions of low flows (C3) are in less good agreement with observed values than 
those of high flows (C4). 
0 5 10 15 20 25 30 
0 10 20 30 40 50 60 70 80 
Observed (m /s) 
• calibration ° validation 
Fig. 1 Observed and predicted maximum peak flows (ten per year: 1997-2000) for 
both calibration and validation periods: (a) small basins (<150 km
2); and (b) medium 
basins (>150 km
2). HRE: heavy rainfall event; MRE: moderate rainfall event. The applicability of a parsimonious model for local and regional prediction of runoff 913 
The maximum peak discharges are reproduced reasonably well for both small and 
medium-size basins (Fig. 1(a) and (b)). The estimations are slightly poorer for the 
medium-size basins, during both calibration and validation periods, with a trend to 
underestimate the measured maximum peak flows. Some "outliers" (circled points) are 
far from the 1:1 line and highlight the limitations of the conceptual model approach for 
some basins. Hence, the largest positive discrepancies between estimated and 
measured peak flows are related to a single winter flood, which occurred after a 
rainfall sequence of several days (heavy rainfall event—HRE). At that time, the soil 
reservoir of the HRM model was completely filled and all subsequent rainfall was 
entirely routed in direct runoff. In contrast, the large underestimation of recorded 
maximum peak flows was observed for a single winter flood occurring after a period 
with little rain (moderate rainfall event—MRE) responsible for insufficient water 
levels in the reservoirs of the model. Moreover, the HRM model estimations are 
sometimes inadequate for summer thunderstorms, which generate important runoff 
(Fig. 1(b)). The special case of the July 2000 flood is discussed below. 
These findings show that, notwithstanding an overall satisfactory ability to 
reproduce the entire hydrographs for a large range of basin sizes and geological 
substrates, the model's structure and assumptions are not able, in certain conditions, to 
account fully for the complexity of the physical processes involved in flood generation 
(Bonell et al, 1984; Hendricks, 1993; Pfister et al, 2000b). Furthermore, the concept-
ualization of the dependence of basin response during an event on the antecedent 
hydrological and meteorological characteristics is still a crucial point. 
The reverse of the periods for the individual calibration (1999-2000 instead of 
1997-1998) leads to a slight decrease in the mean model bias (4% against 7%), a 
decrease in the mean Nash-Sutcliffe coefficient (0.74 against 0.82) and a decrease in 
the magnitude of extreme values. Relationships between the two sets of parameters of 
the HRM model indicate a good agreement and therefore a rather low sensitivity of 
parameters to the calibration period (not shown). The local routing parameter (B) 
seems to be the most sensitive of the four HRM parameters. 
REGIONALIZATION OF THE HRM PARAMETERS 
Methodology 
Optimized local parameter values were related to measurable basin characteristics to 
provide a regional parameter set in which parameter values vary with physiography. 
Morphometric, land cover and geological data, summarized in Table 1, were 
determined for each basin with the Spatial Analyst module of Arc View GIS. 
The Pearson correlation between physiographical descriptors of the basins (PDB) 
and HRM parameters indicates that: (a) rather good correlation exists between 
parameter A, and the transmissivity of geological formations {PER and IMP—see 
notation in Table 1—with r ~ 0.70 and -0.70, respectively), the percentage of agri-
cultural areas (r ~ -0.59), as well as the area covered by extraction areas; (b) a signifi-
cant correlation with geology also emerges for parameter B {PER and IMP with 
r = 0.63 and -0.63, respectively) as well as with basin shape {P, LONG, LARG with 
r ~ 0.59, 0.62, and 0.68, respectively). This is consistent with previous work 914  G. Drogue et al. 
(T. Leviandier, oral communication), which indicated that parameter B expresses the 
coarse permeability and concentration time of drainage basins; and (c) the variability 
of groundwater exchange intensity parameter, d, seems to be less explainable by the 
selected PDB. 
The second step consisted of optimizing the regional parameter set using the 
"semi-distributed" version of the HRM model (Leviandier et al., 1994). The four free 
parameters (A, B, So and d) are fitted simultaneously (i.e. multi-site calibration) to the 
eight calibration basins, but the two reservoir parameters A and B are spatially 
distributed within actual physical contrasting isochronal zones (Fig. 2), while a unique 
value is fitted for So and d. In contrast to the lumped HRM version where a theoretical 
isochronal zone (at/„) is used for partitioning the basin and computing the kth reservoir 
production, the "semi-distributed" HRM version treats reservoirs in parallel, regardless 
of their order k, except for the term ECH as shown in equation (6), and regarding the 
Attert River 
Impervious formations: 
A\,B\ values 
Downstream limn oi ihe 
first isochronal zone 
Pervious formations : 
A2, B2 values 
Fig. 2 Spatial discretization of the upstream sub-basins in contrasting isochronal zones 
and spatial distribution of the two classes of lithological formations in the Alzette 
River basin. The applicability of a parsimonious model for local and regional prediction of runoff 915 
number of physically-based pairs of A, B parameters to be fitted in actual isochronal 
zones. The latter define a primary level of spatial discretization (the variability within 
them is ignored) able to reveal a coarse-scale heterogeneity of basins (yet finer than 
any typology of basins described by percentage of their whole area) and the major 
upstream-downstream contrasts. Assuming a constant velocity in the main stream of a 
basin (Rodriguez-Iturbe & Valdes, 1979), those isochronal zones are built with straight 
lines drawn from points on the main stream, sequenced into n reaches of equal length 
(Fig. 2) according to an area/length relationship of the form: 
S = L
a (8) 
where S is the cumulative drainage area (km
2), L is the distance to the outlet (km) and 
oc(= 1.5) is close to the scaling parameter defined in the lumped model presentation 
(see above). 
The production of an actual isochronal zone (a*/„) is therefore the production 
controlled by the physically-based pairs of A, B parameters distributed in it, weighted 
by the area covered by each modality of the A, B pairs, ignoring the internal variability 
of routing. 
In the study, the significant correlations between parameters A, B and PDB led to 
distribute those two parameters in actual isochronal zones according to two lithological 
classes (Fig. 2), the lithological factor being used as a non-varying factor in space and 
time. Lithologically dependent parameters (modalities A\, A2, B\, B2) were fitted 
simultaneously for the eight calibration sub-basins according to the percentage of each 
lithological class (impervious/pervious formations) in each actual isochronal zone of 
calibration basins. The number of actual contrasting isochronal zones was determined 
by the user according to the physical heterogeneity of the study basin and the total 
number of reservoirs used by the model (16 in this case). 
Evaluation of the regional parameter set 
The multi-site calibration of the eight basins (mean Nash-Sutcliffe efficiency around 
0.80) gives a fairly good discrimination for parameters A and B with regard to the type 
of substratum, as shown in Table 4. The impervious formations are associated with a 
lower storage capacity of the soil reservoir (A\ value) compared to pervious 
formations (A2 value), and the B values hierarchy (Bl « 52) also indicates a lower 
runoff response of pervious formations. 
In order to apply the regional parameter set in the validation sub-basins, drainage 
areas and percentages of impervious and pervious geological formations (Table 1) 
were first input in the semi-distributed version of the HRM. Good simulations with C2 
values between 0.70 and 0.87 could be obtained with the calibrated parameters on the 
Table 4 Optimized values of the regional parameter set of HRM obtained on the runoff series of the 
eight calibration sub-basins. 
Lithological classes A (mm) 5 (mm) S0 (km*) d (mm) 
Impervious geological formations \15 (A\) 40(51) 20.10 0.03 
Pervious geological formations 298 (.42) 898(52) 20.10 0.03 916  G. Drogue et al. 
Table 5 Efficiency of the four statistical criteria after calibration and regionalization (1997-2000). Bold 
characters indicate extreme values. 
River 
Alzette 
Alzette 
Alzette 
Attert 
Attert 
Attert 
Eisch 
Mess 
Outlet 
Ettelbruck 
Hesperange 
Steinsel 
Bissen 
Ell 
Useldange 
Hagen 
Pontpierre 
CI: 
Calibr. 
0.24 
-0.15 
0.01 
-0.07 
-0.03 
-0.04 
0.02 
0.29 
Regio. 
0.59 
0.02 
0.16 
0.18 
0.06 
0.20 
0.07 
0.40 
C2: 
Calibr. 
0.81 
0.70 
0.70 
0.79 
0.87 
0.86 
0.83 
0.77 
Regio. 
0.68 
0.68 
0.68 
0.62 
0.75 
0.81 
0.85 
0.70 
C3: 
Calibr. 
0.57 
0.74 
0.75 
0.78 
0.84 
0.87 
0.85 
0.62 
Regio. 
0.50 
0.41 
0.65 
0.50 
0.71 
0.75 
0.85 
0.61 
C4: 
Calibr. 
0.88 
0.73 
0.71 
0.85 
0.88 
0.89 
0.85 
0.83 
Regio. 
0.82 
0.70 
0.67 
0.74 
0.74 
0.87 
0.86 
0.78 
eight validation basins, while for the regionalized parameter set of Table 4 the values 
range between 0.62 and 0.85, with a mean decrease of 7% (Table 5). The values for the 
CI coefficient were around 0.03 and 0.21 for the HRM model run with the calibrated 
and the regionalized parameters respectively. In the latter case, the bias values are all 
positive which means that the model systematically overpredicts the interannual mean 
flow. It should be noted that for the Alzette at Ettelbruck, the poor estimations of the 
water balance (CI) and of low flows (C3) were due to the low reliability of the rating 
curve during high water levels owing to the confluence with the Wark River immedi-
ately downstream of the gauging station. More than half of the basins have C4 values 
above 0.80 for calibrated parameters, whereas this is the case for only three basins in 
regional mode. High flows are generally well reproduced in both cases. 
The results of hourly maximum peak flow comparison are depicted in Fig. 3(a) 
and (b). The Steinsel station was not used for peak flow comparison because of infil-
tration upstream of this station in the river bed. Regionalized peak flow values are 
generally more important than calibrated ones, but the R
2 values are comparable 
between the two scatter plots, which is an encouraging result for the regionalization of 
the HRM model parameters. A small number of outliers occur for the same reason as 
given for Fig. 1. The July 2000 event clearly illustrates the difficulty for the HRM 
model to reproduce high summer floods, in both calibration and regionalization modes. 
As pointed out on Fig. 3(a), the thunderstorm that occurred over the northern half of 
the Alzette River basin (concerning in particular the Mamer, Eisch and Attert rivers) 
led to two contrasting hydrological responses of those basins, while having a similar 
proportion of impervious formations and incident rainfall amount. On the one hand, 
the Mamer and Eisch basins (Fig. 2) absorbed a great part of the incident rainfall and 
generated a moderate flood, well reproduced by the HRM model. On the other hand, 
the sub-basins located in the Attert River basin (Fig. 2) were affected by a flash flood 
(Fig. 3(a) and (b)), which was almost ignored by the HRM model. The hydrological 
response of those basins was certainly conditioned by the quick response of tributaries 
lying in the mountainous part of the schistose Ardennes massif (Oesling area), 
characterized by both impervious runoff-contributing areas and steep slopes. Such 
physical properties were not taken into account through the eight selected calibration 
sub-basins, for which steep slopes always coincide with a noticeable proportion of 
permeable sandstone formations. This result called the transposability of the regional-
ized parameter set on the small impervious basins of the Oesling area into question. The applicability of a parsimonious model for local and regional prediction of runoff 917 
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Fig. 3 Observed and predicted maximum peak flows (ten per year: 1997-2000) using 
calibrated and regionalized .parameter set: (a) small basins (<150 km'); and 
(b) medium basins (>150 km*). The dashed line represents the maximum gauged 
streamflow at the indicated station. 
The box plots of maximum peak flows (Fig. 4(a)) suggest that the calibrated and 
regionalized parameterizations were generally comparable to the observed values in 
their predictive accuracy for the first and third quartiles and the median, whereas the 
highest peak flow values were overestimated by the spatial estimation for most basins, 
leading to larger magnitudes of the extreme errors. Flow duration curves are well 
estimated by the HRM regional parameters, with curves close to the observed ones. 
The best (Eisch), the median (Attert at Bissen), and the worst (Alzette at Ettelbruck) 
predictions are given in Fig. 4(b). Hence, even if the absolute estimation of peak flows 
is subject to a quite significant uncertainty, particularly on medium-size basins for 
extreme rainfall-runoff events, the prediction of statistical characteristics of stream-
flow seems to be more reliable using the HRM model. 918  G. Drogue et al. 
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Fig. 4 (a) Box plots for the maximum peak flows (for the x-axis label correspondence 
see Table 1) and (b) flow duration curves between daily observed and predicted runoff 
for three basins, using calibrated and regionalized parameter sets. 
CONCLUDING REMARKS 
The parsimonious HRM model has proven to provide good simulation results in terms 
of river runoff over a modelling period of four years for a quite large range of basins 
characterized by various land-use and lithological characteristics. The overall fit of The applicability of a parsimonious model for local and regional prediction of runoff 919 
hydrographs was satisfactory, for both low and high flows. The accurate estimation of 
high hourly peak flows remains difficult, particularly during extreme meteorological 
conditions (summer thunderstorm, high intensity winter rainfall event). The simplified 
representation of the numerous and complex processes responsible for runoff genera-
tion, and the uncertainty of the rainfall amount which has been treated as a spatially 
uniform input, may be the cause of this rather poor estimation of high peak flows by 
the HRM model. 
Several correlations between model parameters and basin characteristics were 
found that stress the role of geological and land-use factors. These relationships 
represented a way to improve the physical basis of the HRM model. The regionaliza-
tion methodology was based on the concept of lithologically contrasting zones as a 
first level of spatial discretization. The transposable version of the HRM model using a 
unique regional parameter set has been successfully run on eight validation sub-basins 
and yields quite reliable estimations of statistical streamflow characteristics. However, 
in the Alzette basin area, further description of hydrological processes and their 
interactions, the way and where they occur in the basin, should offer the prospect of 
remedying the shortcomings of the conceptual rainfall-runoff modelling. 
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